& p . 1 : Summary. We report the technical details and clinical results of twelve patients who had deep infections of implants in the hip joint and were treated by twostage revision, using a gentamicin-loaded, handmoulded cement spacer inserted for the period between resection and reimplantation arthroplasty.
During management with the spacer, usually for 4 months, patients were almost free of pain and mobile with good leg control, spending 2/3 of the treatment period at home. Six of twelve spacers failed locally due to dislocation [5] or cement fracture [1] , and more than two further episodes of surgery were required in 3 patients. Problems with dislocation of the spacer were significantly higher when the head to neck offset was lacking (P<0. 05) 
or when anchorage in the femoral shaft was poor. Nevertheless, infection after reimplantation arthroplasty did not occur by the time of follow-up (2.2 years). Based on these data, we consider that the use of the cement spacer is a promising approach to the treatment of complicated infections of the hip joint.

& p . 1 : Résumé. Cet article rapporte les détails techniques et les résultats cliniques de douze cas d'infection profonde de la hanche traités par révision chirurgicale en deux temps et utilisant un fantôme en ciment chargé de gentamycine et modelé à la main, mis en place temporairement dans l'intervalle entre la résec-tion de la prothèse infectée et la réimplantation d'une nouvelle. Pendant ce traitement (4 mois
)
Introduction
The contemporary literature favours two-stage resection/reimplantation arthroplasty over other methods for the control of active infection and in order to provide good function in deep seated infection of hip joint implants [2-4, 23, 24, 27] . During the interval between the two procedures [16] , however, the patient may be uncomfortable, discouraged, and often confined to the hospital with limited mobility and activity. Delayed reimplantation procedures after a Girdlestone-like procedure are technically demanding due to scar formation, shortening, disuse osteoporosis, and the distorted anatomy.
A cement spacer (gentamicin-loaded PMMA) has been tested in twelve patients with complicated infections of the hip joint. It has two functions namely biological, as a source for the sustained release of gentamicin for local eradication of the infection, and mechanical, to provide the patient with comfort and mobility. The spacer also reduces the dead space and soft tissue shortening after resection of infected tissues thereby facilitating easier reimplantation.
Material and methods
Patients
Between November 1992 and November 1996, twelve twostage revision arthroplasties using a gentamicin-loaded PMMA spacer were performed in eleven males and one female with deep sepsis of the hip ( Table 1 ). The mean age was 60 years (range: 38 to 80 years). Infected implants had been in place on average for 41 months (range: 3 to 132 months) and between 0 and 4 previous operations had been performed. Periprosthetic infections had been present for an average of 12 months (range: 1 to 36 months) and were classified according to Coventry [10] as follows: Stage I -suppurative infection during the neosurgical period (1-3 weeks), Stage II -indolent, delayed infection, seen during the first year after operation and Stage III -occurring after the first postoperative year. In addition to low-grade, creeping infection, haematogenous infection may occur at an indefinite time after the operation ( Table 2) .
In four patients, one with an early infection (stage I) and three with haematogenous infection (stage III), emergency surgery had to be performed due to life threatening sepsis. Eight of twelve patients had severe underlying medical problems which affected the local prognosis (Table 1) . In all patients, the diagnosis of deep infection was based on clinical as well as radiological evidence, together with cultures obtained at preoperative joint aspiration or surgery (Table 2) . Two patients died before reimplantation, their deaths being unrelated to the treatment for the infected implant or the further infection.
Resection arthroplasty and cement spacer
The decision to perform a two-stage revision arthroplasty was based on the general and local condition of the patients. With the patient placed in the lateral position in eleven instances, and once in the supine position, a straight lateral approach was used, which was extended to a Kocher-Langenbeck approach if necessary. Osteotomy of the greater trochanter with the vastus lateralis still attached, as described by Schneeberger et al. [30] , facilitated the removal of the cemented femoral component in the majority of the patients. This procedure allowed direct access to the periacetabular region and a tumour-like excision of all infected tissues and implant material. For the remaining patients a transgluteal or Watson-Jones approach was used.
In all instances tissues were resected for bacterial cultures and the wounds were thoroughly irrigated with large quantities of a Ringer's physiological solution. The infecting organisms were isolated in 10 out of 12 instances and coagulase-negative staphylococci and Staphylococcus aureus were found most commonly. In three patients mixed infections were present. In eight, organisms cultured from specimens taken at resection were sensitive to gentamicin. Bacterial cultures from two patients did not reveal any organisms, although clinical symptoms, earlier bacterial cultures and the surgical features strongly suggested infection (Table 2) .
On average, two packs of gentamicin-loaded PMMA (Palacos R, 40 g polymer and 0.5 g gentamicin, Essex Chemie AG, Switzerland) were used for the cement spacer. The material was moulded by hand and either attached to the femoral component at the neck or placed intramedullary, or fitted into the acetabulum without fixation to the femur. For internal reinforcement, plates or screws were inserted into the cement before polymerisation (Fig. 2) . Before reimplantation arthroplasty, patients were mobilised on crutches but instructed to not load the operated hip with more than 15 kg of weight.
Reimplantation arthroplasty
The timing of the reimplantation arthroplasty was dependent on control of the infection and the clinical symptoms. Routine laboratory tests such as bacterial cultures, the blood sedimentation rate (BSR, mm after 1 h) and C-reactive protein (CRP, mg/1) were performed throughout treatment with the spacer. The quality of mobility during spacer treatment was graded as poor, fair, good and excellent and listed with the required external aid. Data on the geometry of the spacer were obtained from AP radiographs of the pelvis, as schematically represented in Fig. 1 . The radius of the femoral head (r h ) and neck (r n ) together with the distance between the most proximal point of the medial cortex and the most distal location of cement in the femoral shaft (s) were measured (mm).
At reimplantation the pre-existing surgical approach was used. After resecting scar tissue and obtaining material for bacterial cultures, the spacer was removed and a fresh prosthesis introduced. The decision concerning the implant to be used was based on the quality of the residual bone stock.
Statistics
Quantitative data are given as single values or represented by means and standard deviations. Statistical comparisons were performed by the Mann-Whitney non-parametric test.
Results
The mean duration between the resection and revision in which the spacer was used was 4 months (range: 2 to 7 months) depending upon the status of infection. An average 35% of this period patients spend in the hospital (range: 15-100%). In one patient (1) who did not undergo reimplantation, the spacer remained in place for 2 years. Nine of twelve patients were mobile on crutches during their spacer treatment and almost free of pain (Table 3) . Despite the recommended maximum joint loading of 15 kg, one patient (C) undertook mountaineering with the spacer in place with consequent wear of his acetabular bone stock. During treatment, six spacers failed (Figure 2 ), five by dislocation and one by fracture. Revision was then carried out in three of these patients and the others were treated conservatively by immobilisation until the definitive procedure. One patient (I), whose spacer dislocated from the femoral shaft one year after implantation, remained medically unfit for revision because of severe cerebrovascular insufficiency and died two years after removal of the infected prosthesis. A second patient (L) with schizophrenia was severely agitated and dislocated repeatedly, requiring 6 operations and finally a Girdlestone resection arthroplasty.
The geometry of the spacer had a significant impact on its fate. In spacers which were free of complications there were no significant differences in the radius of the neck and head of the spacer compared to the contralateral side (0.76±0.05), as analysed from AP radiographs of the pelvis. The neck to head-ratio was 0.73±0.14, whereas this was significantly increased in dislocating spacers (0.96±0.19, P<0.05). A second factor associated with failure was an insufficiently deep anchorage in the intramedullary canal, being 22±33 mm (range: 0 to 71 mm) in the failure group, while complication-free spacers were on average attached to a depth of 57±41 mm (range: 0 to 107 mm). Interestingly, dislocation of the spacer from the femoral shaft did not correlate with the activity level of patients.
During treatment with the cement spacer the erythrocyte sedimentation rate dropped from 50 mm (range: 25 to 92 mm) at resection to 28 mm (12 to 50 mm, P<0.05) at reimplantation. In the same way, the CRP decreased from 30 mg/l (range: 20 to 50 mg/l) to 7 mg/l (3 to 13 mg/l, P<0.005). Bacterial cultures obtained at reimplantation were negative in seven of nine patients. In two patients (A and G), bacterial cultures revealed a coagulase-negative staphylococcus which was resistant to gentamicin, although in both patients the intraoperative appearances did not suggest ongoing infection.
After an average follow-up of 27 months from reimplantation arthroplasty, all 9 patients were mobile and infection had not recurred. In one patient (K), a new haematogenous streptococcal infection, initially citrobacter diversus, developed after a bout of pneumonia.
Discussion
In the treatment of periprosthetic hip infection, retention of components is an alternative for a small proportion of patients. The indications are a brief duration of symptoms, gram-positive organisms sensitive to antibiotics, no loosening of the prosthesis and absence of excessive scarring [11, 14] . This approach, however, is associated, with a significant failure rate [19] . The poor functional recovery [6, 18] compared to that following reimplantation makes only a few patients suitable for a definitive Girdlestone resection arthroplasty. The current management for deep infections of the hip-joint requires meticulous debridement and removal of all foreign material including the implant and cement. Thereafter, one [32] or two-stage revision arthroplasties [26] , in combination with the administration of local and/or systemic antibiotics, have been advocated. For a one-stage arthroplasty the organism should be sensitive to antibiotics, the host should have few risk factors for infection and there should be adequate bone and soft tissue support for the reconstruction of the hip after successful debride- ment [17] . If these criteria are not met, a two-stage procedure is recommended. For two-stage procedures, a Girdlestone-like arthroplasty represents the most common situation between each operation. A variation of the two-stage exchange arthroplasty has been described in which the dead space created at the time of resection arthroplasty is filled with antibiotic-loaded cement beads [21] . In this instance, the beads are not used for mechanical fixation or support, but solely to fill the dead space with a high local concentration of antibiotic. Delayed reimplantation arthroplasty is difficult due to significant soft tissue shortening, and extensive blood loss during release and removal of scar tissue and/or damage to the sciatic nerve might complicate the operation [31] . Restoration of limb length and movement of the hip is often not accomplished and dislocation after surgery is frequent [20] . In order to avoid these problems, we have used a temporary cement spacer which accelerates rehabilitation, maintains the patient's mobility (Figs. 3, 4) , and keeps surgical options open prior to the reimplantation procedure [5] .
Our patients were managed by two-stage revision arthroplasty. Using this approach, all patients (9/12) who had a fresh prosthesis were mobile and no re-infection occurred up to 27 months after the procedure. Although a direct comparison between different techniques is difficult, infection control in the nine patients undergoing reimplantation was superior to that achieved with other two-stage procedures, where the success rate ranged between 73 and 93% [3, 7, 9, 25, 29] . Six of twelve spacers failed locally due to geometrical shortcomings. These local complications should be avoidable by proper shaping of the spacer using radiographs of the contralateral hip or earlier pelvic films, and providing a sufficiently deep anchorage in the femoral shaft. Although one spacer containing a plate fractured (B), we believe that the use of internal reinforcement by screws and plates minimised the number of fractures. In addition to maintaining hip geometry, the spacer serves as a source for the sustained release of gentamicin. Spacers should be removed when the infection has been controlled, which had occurred, on average, after a period of 4 months. Prolonged treatment is not advantageous, since the antibiotic release of gentamicin-cement drops significantly after two weeks due to elution of the antibiotic and encasement of the foreign material by fibrous tissue membranes [28] . Despite the successful eradication of infection, in our patients spacer treatment can be improved by the use of antibiotics for which the joint infecting organisms are most sensitive [13] .
Use of the spacer is inexpensive and improves patient comfort between the two operations, reduces the length of hospital stay and eases reimplantation. It compares favourably with other procedures such as implantation of antibiotic releasing beads [8, 15] , a crude facsimile [1, 22] , or an expansile modular prosthesis coated with antibiotic-loaded bone cement [12, 33] .
